ABSTRACT Background: Excessive weight gain during pregnancy is a risk factor for postpartum weight retention and future weight gain and obesity. Whether a behavioral intervention in pregnancy can reduce long-term weight retention is unknown.
INTRODUCTION
Pregnancy is often characterized as a "teachable moment" for weight control and obesity prevention (1) . Excessive weight gain during pregnancy and postpartum weight retention are independent predictors of long-term weight gain and obesity (2) . During pregnancy, powerful emotional, social, identity, and physical changes and a mother's awareness that her behaviors may affect her offspring's health may provide extra incentive for women to adopt healthy eating and activity behaviors. Timing interventions to occur during this life transition may promote more sustained behavior and weight changes than at other times in the life cycle, but few studies have tested this hypothesis.
Fit for Delivery was a randomized clinical trial that tested the effects of a low-intensity lifestyle intervention on preventing excessive gestational weight gain in women who were normal weight or overweight/obese before pregnancy. The intervention prevented excessive gestational weight gain in normal-weight but not in overweight/obese women (3) . Moreover, despite termination of the intervention after delivery, it increased the proportions of both normal-weight and overweight/obese women who returned to prepregnancy weight by 6 mo postpartum (3) .
The purpose of the current study was to evaluate the long-term effects of the Fit for Delivery intervention. Although the intervention ceased at delivery, we hypothesized that the effect of the intervention would increase the proportion of women at prepregnancy weight or below at 12 mo postpartum. We also expected that the intervention would be associated with less average postpartum weight retention and greater long-term improvements in eating, exercise, and weight-control behaviors.
SUBJECTS AND METHODS

Identifying and enrolling study participants
As reported previously (3) (4) (5) , the study participants were recruited from 2006 to 2008 at 6 obstetric provider offices representing socioeconomic and ethnic diversity in Providence, RI. The clinic staff and physicians at these offices were blind to subject randomization to prevent contamination of the data. Apart from recruitment, all other aspects of the study were conducted outside the clinical setting at a research center.
Women who were eligible and willing to participate provided written informed consent and completed a baseline assessment at the research center, after which they were randomly assigned into an intervention or standard-care group. Randomization was computer-generated (by the study statistician) in randomly varying block sizes and stratified by clinic and BMI category. Because these data were collected before the 2009 Institute of Medicine (IOM) guidelines, the BMI categories (in kg/m 2 ) were based on the 1990 IOM cutoffs (6) ; normal weight (BMI = 19.8-26.0) or overweight/obese (BMI = 26.1-40.0). (However, exploratory analyses using the more recent guidelines yielded similar results.) Participants were paid $25 for attending assessments at entry, 30 wk of gestation, and 6 mo postpartum and $50 for completing the 12-mo assessment. The procedures followed in this study were in accordance with the ethical standards of the institutional committees on human experimentation and were approved by the Institutional Review Boards at the Miriam Hospital, Providence, RI; Women and Infants Hospital, Providence, RI; and California Polytechnic State University, San Luis Obispo, CA.
Study eligibility
Eligibility criteria included a singleton pregnancy, gestational age between 10 and 16 wk, BMI between 19.8 and 40, no smoking, English fluency, age .18 y, and access to a telephone. Participants with self-reported major health or psychiatric diseases or history of $3 miscarriages were excluded. We also excluded women with early pregnancy weight loss because inadequate weight gain could be of greater concern.
Standard care
As described previously (3), women in the standard-care group attended their regularly scheduled visits with their prenatal care provider and received the standard nutrition counseling provided by physicians, nurses, nutritionists, and counselors from the Women, Infants, and Children's state program. In addition, women attended a brief (15 min) face-to-face visit at study entry with the study interventionist and received study newsletters at 2-mo intervals during pregnancy and postpartum, which provided general information about pregnancy-related issues (eg, prenatal vitamins, maternity clothes); these contacts were designed to improve retention in the study.
Behavioral intervention during pregnancy
Participants in the intervention received all aspects of standard care plus a behavioral lifestyle intervention designed to prevent excessive weight gain during pregnancy (3); no intervention was provided postpartum. The Fit for Delivery intervention was designed to prevent excessive gestational weight gain in accordance with the 1990 IOM guidelines. The intervention included one face-to-face visit with an interventionist at the onset of treatment. The interventionist discussed appropriate weight gain during pregnancy, physical activity (30 min of walking most days of the week), and healthy eating. Emphasis was placed on decreasing intakes of high-fat foods, increasing physical activity, and daily self-monitoring of eating, exercise, and weight (7). Body-weight scales, food records, and pedometers were provided to promote adherence to daily self-monitoring. Postcards prompting healthy eating and exercise habits were mailed weekly. In addition, after each clinic visit, women were sent a personalized graph of their weight gain with feedback. All women in the intervention received a minimum of 3 brief (ie, 10-15 min) supportive phone calls from the dietitian during the intervention. Women who were exceeding guidelines or had inadequate gestational weight gain received additional calls every 2 wk until weight gain normalized.
Measures
Assessments were conducted by blind assessors at study entry, 30 wk of gestation, and 6 and 12 mo postpartum.
Anthropometric measurements
The primary outcome was the proportion of women at or below prepregnancy weight (within 0.9 kg). Prepregnancy weight was based on self-reported weight at the last menstrual period. However, as reported previously (3), measured weight from the year before pregnancy was available from clinical records of half of the sample and was highly correlated with self-reported prepregnancy weight (r = 0.95). Gestational weight gain category was based on exceeding compared with not exceeding 1990 IOM guidelines and was computed by using pregravid weight and weight at the last clinic visit (on calibrated scales) before delivery (3, 6) . At all study visits, the participant's weight was measured in duplicate while wearing no shoes and light clothing. Height was measured by using a stadiometer.
Questionnaires
Demographic and weight-history information were obtained by self-report at study entry. Changes in demographics and breastfeeding status (any breastfeeding compared with formula only) were obtained only at the 6-and 12-mo postpartum visits. At all visits, the Block food-frequency questionnaire was used to assess daily caloric intake, calories from sugar-sweetened beverages, daily food group servings, daily micronutrient intake, and percentage intake from fat, protein, carbohydrates, and sweets over the past month (8, 9) . Weekly fast food consumption (10), television viewing (11) , and frequency of self-weighing (12) were also assessed based on self-report questions used in our previous research. Energy expenditure was measured by using the Paffenbarger Physical Activity Questionnaire (13)-a measure that estimates weekly energy expenditure from self-reports of stairs climbed, blocks walked, and other recreational activities performed in the past week. The Edinburgh Postnatal Depression Scale was used to examine levels of depression; a score $13 was used as the cutoff for probable depression (14) . The Eating Inventory (15) was used to assess cognitive restraint and disinhibition. Stress was assessed by using the short form of the Perceived Stress Scale (16) . Sleep was assessed by using the General Sleep Disturbance questionnaire (17) .
Statistical analysis
Power analyses were based on a pilot study (18) and conservatively assumed 30% attrition; with a sample size of 401; 81% power was provided to detect a 13.6% increase in the proportion of participants achieving prepregnancy weight by 12 mo postpartum.
The a priori analysis plan followed a modified intent-to-treat (ITT) approach that conservatively assumed that participants who were lost to follow-up were treatment failures. Our analyses excluded women with miscarriages (n = 6) or subsequent pregnancies (n = 32) and also excluded women with gestational diabetes (n = 32), given the extra nutritional counseling and contact provided and effects of insulin on weight; however, similar results were obtained with their inclusion. Completer analyses were also conducted by using all available data.
Chi-square and t tests were used to compare completers with noncompleters and the intervention group with the standard-care group. Multiple logistic regression analysis was used to examine the effect of treatment group, BMI weight category, gestational weight gain category (exceeding compared with not exceeding IOM guidelines), and their interactions on the proportion of women who achieved prepregnancy weight at 12 mo postpartum; linear regression was used to analyze continuous measures of postpartum weight retention and weight loss since delivery. Repeated-measures ANOVA (also adjusted for variable values at study entry) was used to assess the effects of treatment group and BMI category on changes in eating, activity, and weight-control behaviors. Multiple logistic regression was used for similar analyses of self-weighing (yes or no) and depression (score $13 compared with a score ,13 on the Edinburgh scale). Multivariate ANOVA explored associations between weight and behaviors over time. All analyses included recruitment clinic, total weeks of gestation at delivery (log-transformed by subtracting delivery weeks from 43), race, age, and parity as covariates. Breastfeeding was also included as a covariate in the completer analyses. Both R (version 2.11.1) and SPSS (PASW version 18.0.1) statistical packages were used.
RESULTS
Participant enrollment and baseline characteristics
The participant flow into Fit for Delivery is summarized in Figure 1 . Of the 1499 potential participants approached, 421 declined participation and 304 could not be contacted by the research team because of phone numbers being out of service or incorrect contact information; 177 were eligible but did not show up for the enrollment visit, and 196 were ineligible. A total of 401 participants were randomly assigned into the intervention (n = 201) or standard-care (n = 200) group, including 200 overweight/obese and 201 normal-weight participants. The intervention and standard-care groups did not differ significantly on key baseline measures ( Table 1) . After the exclusion of women with miscarriages (n = 6), gestational diabetes (n = 32), or subsequent pregnancies (n = 5 at 6 mo, n = 27 at 12 mo), 89% (320/358) of the women completed the 6-mo assessment and 79% (261/331) completed the 12-mo assessment. Completers (n = 261) of the 12-mo postpartum assessment were more likely to be married (71.3% compared with 48.6%; P = 0.0004) and white (67.8% compared with 54.2%; P = 0.04) and were marginally older (28.5 compared with 27.3 y; P = 0.08) than the noncompleters (n = 70); however, the proportions did not differ significantly by dieting history, parity, prepregnancy BMI category, or gestational weight gain category. The proportions of completers did not significantly differ between the intervention and standard-care groups (79.6% compared with 78.0%, respectively).
Weight retention at 12 mo postpartum
In the ITT analysis, multiple logistic regression indicated that the intervention did not significantly (P = 0.18) increase the percentage of women achieving prepregnancy weight (within 0.9 kg of their prepregnancy weight); 35.4% (58/164) of the intervention group and 28.1% (47/167) of the standard-care group were at or below their prepregnancy weight at 12 mo postpartum ( Table 2) .
In the study completers, multiple logistic regression suggested a trend toward a greater odds of returning to prepregnancy weight in the intervention group than in the standard-care group (OR: 1.6; 95% CI: 0.92, 2.7; P = 0.09); 45.3% (58/128) of the intervention group and 35.3% (47/133) of the standard-care group were at prepregnancy weight or below at 12 mo postpartum. Also in the study completers, multiple linear regression showed that the intervention was associated with a significant decrease in 12-mo postpartum weight retention (overall P = 0.046, R = 0.24, b = 1.5 [0.002, 2.9], Beta = 0.13; t = 2.0; P = 0.05). Intervention participants were on average 1.4 6 6.3 kg above prepregnancy weight while standard care had retained 3.0 6 5.7 kg (Table 2) . Of note, the treatment effect was reduced when gestational weight gain category was entered into the model [b = 1.4 (0.11, 2.8), Beta = 0.11, t = 1.8, P = 0.07], which suggested potential mediation.
No significant (P = 0.39) treatment effect on the magnitude of postpartum weight lost since delivery was observed. Between delivery and 12 mo postpartum, the intervention group lost a mean (6SD) 13.6 6 6.8 kg and the standard-care group lost 12.5 6 6.6 kg ( Table 2 ). In repeated-measures analyses examining weight changes from prepregnancy through 12 mo postpartum, no significant time 3 treatment effect on weight was observed.
We explored interactions between treatment group, gestational weight gain category, and prepregnancy BMI category. In the ITT analysis, treatment group significantly interacted with gestational weight gain category on the odds of returning to prepregnancy weight at 12 mo postpartum (OR: 0.35; 95% CI: 0.13, 0.98; P = 0.046). In women who had exceeded IOM guidelines (n = 185), a greater proportion of the intervention group than of the standard-care group returned to prepregnancy weight at 12 mo postpartum (29.5% compared with 15.5%, respectively). In women who gained within/under guidelines (n = 146), the proportions returning to prepregnancy weight were similar between the intervention and standard-care groups (42.1% compared with 45.7%, respectively). Similar results were observed in the completer analyses and in analyses using continuous measures of total gestational weight gain. Of note, prepregnancy BMI category did not significantly interact with treatment group and/or with gestational weight gain category in predicting 12-mo postpartum weight outcomes.
Behavioral changes
We examined the effect of the intervention on weight-control behaviors (eg, cognitive restraint, self-weighing), diet, physical activity, and psychosocial factors. Over time, the intervention had significant effects on improving cognitive restraint and 12.5 6 6.6
13.6 6 6.8
1 ITT, intent-to-treat. 2 Multiple logistic regression results were not significant (P = 0.18). 3 Multiple logistic regression results showed a trend (OR: 1.6; 95% CI: 0.92, 2.7; P = 0.09). 4 Multiple linear regression analysis was significant with overall P = 0.046, R = 0.24, b = 1.5 (0.002, 2.9), Beta = 0.13, t = 2.0, P = 0.05. 5 Mean 6 SD (all such values). 6 Multiple linear regression results were not significant (P = 0.39).
self-weighing and a modest effect on physical activity. As shown in Figure 2 , cognitive restraint scores increased more in the intervention group than in the standard-care group during pregnancy (P = 0.04) and through 6 mo postpartum (P = 0.051), but did not differ significantly (P = 0.28) from the standard-care group at 12 mo postpartum, although both groups showed a reduction in restraint by this time. The intervention also significantly increased the proportion of participants who reported weekly or more frequent self-weighing at 30 wk of gestation (OR: 14.7; 95% CI: 5.8, 43.6; P = 0.0001), 6 mo postpartum (OR: 2.7; 95% CI: 1.3, 5.9; P = 0.009), and 12 mo postpartum (OR: 2.7; 95% CI: 1.2, 6.1; P = 0.02) (Figure 3) . A trend was observed for an effect of the intervention on physical activity (F = 2.5, P = 0.06, hp2 = 0.02), which suggested a small intervention-related increase in calories expended in physical activity during the postpartum period ( Table 3 ). The intervention group also had a significantly greater increase in scores on the Edinburgh Depression Scale during the postpartum period than did the standard-care group (F = 23.2, P = 0.0001, h = 0.094; Table 3 ); however, multiple logistic regression analyses indicated no significant effects of the intervention compared with standard care on the prevalence of depression (defined as a score $13) at 30 wk of gestation (6.4% compared with 7.2%, respectively), 6 mo (3.4% compared with 3.6%, respectively), or 12 mo (5.2% compared with 6.3%, respectively) postpartum. Both groups reported very low depression scores overall (Table 3) .
No significant treatment or weight interaction effects over time were observed for dietary disinhibition, stress or sleep (Table 3) or for dietary factors ( Table 4) . The intervention did not target breastfeeding and had no significant effect on breastfeeding rates, which were low in both the intervention and standard-care groups (10.4% and 8.3%, respectively, at 6 mo and 3.4% and 4.6%, respectively, at 12 mo). With the exception of stress (F = 3.9, P = 0.008, hp2 = 0.016), no significant main effects for treatment group were observed, which suggested that our randomized groups were similar at study entry. Multivariate ANOVA exploring relations between behavioral and postpartum weight trajectories over time yielded no statistically significant relations.
Other predictors of weight retention at 12 mo postpartum
Overall, independent of treatment, the strongest predictor of postpartum weight retention was gestational weight gain. Specifically, exceeding (compared with not exceeding) the IOM guidelines during pregnancy was independently and strongly related to a lower odds of returning to prepregnancy weight at 12 mo in both the completer (OR: 0.483; 95% CI: 0.27, 0.85; P = 0.012) and ITT (OR: 0.38; 95% CI: 22, 0.63; P = 0.0001) analyses, independent of prepregnancy BMI category and other covariates. In similarly adjusted linear regression models, excessive gestational weight gain was also significantly related to greater weight retention at 12 mo postpartum (B = 2.9, Beta = 0 0.25, t = 3.8, P = 0.0001). Prepregnancy BMI category was another consistent predictor of postpartum weight retention independent of gestational weight gain category and other covariates. Specifically, normal-weight women had higher odds of returning to prepregnancy weight or below by 12 mo postpartum compared with overweight/obese women in the ITT (OR: 1.8; 95% CI: 1.1, 3.0; P = 0.03) and completer (OR: 2.1; 95% CI: 1.2, 3.8; P = 0.008) analyses. White women were more likely than nonwhite women to reach prepregnancy weight at 12 mo postpartum in the completer analyses (OR: 2.4; 95% CI: 1.1, 5.4; P = 0.03), but ethnicity/race was not a significant predictor in any of the other models. Breastfeeding, age, parity, and delivery weeks (or separate models with weeks gestation at randomization) were not significant predictors of the odds of achieving prepregnancy weight at 12 mo postpartum or the magnitude of 12-mo postpartum weight retention.
DISCUSSION
To our knowledge, this was the first adequately powered randomized trial to test the effects of a behavioral lifestyle intervention implemented during pregnancy on weight retention at the end of the postpartum year. We previously reported in ITT analyses that our intervention reduced excessive gestational weight gain in normal-weight women and, despite the intervention ceasing at delivery, it significantly increased the percentages of both normal-weight and overweight women who returned to prepregnancy weight or below by 6 mo postpartum relative to those in the control condition (3). In the current follow-up study at 12 mo postpartum, the ITT analysis showed that the intervention no longer had a significant effect on the odds of achieving prepregnancy weight. Coalescence of the findings between 6 and 12 mo postpartum showed that the ITT percentages of participants reaching prepregnancy weight increased modestly in the intervention from 31% at 6 mo to 35% at 12 mo but increased more pronouncedly in standard care from 19% at 6 mo to 28% at 12 mo. Nonetheless, the current study's completer analyses suggested superior performance of the intervention compared with the control at the 12-mo follow-up; specifically, the intervention (compared with the control) marginally increased the percentages of women who reached prepregnancy weight (45% compared with 35%) and significantly reduced the magnitude of postpartum weight retained (1.4 compared with 3.0 kg).
Most studies of pregnancy weight-gain interventions have lacked follow-up during the postpartum year or have continued the intervention postpartum (19) , obscuring evaluation of pregnancy alone as a "teachable moment" for promoting long-term weight control and behavioral change. Although research in the area is scant, the findings from 2 low-intensity (#5 visit) studies of interventions during pregnancy have been mixed. A randomized trial from the Netherlands (20) found no significant effect of pregnancy lifestyle intervention alone relative to standard care on 12-mo postpartum weight. In contrast, a nonrandomized study by Olson et al (21) found a positive effect of a pregnancy lifestyle intervention alone compared with historical regular care on 12-mo postpartum weight retention in a subgroup of low-income overweight American women. Overall, findings from the available literature and the current study suggest that a low-intensity prenatal lifestyle intervention that ends after delivery can modestly reduce postpartum weight retention through 12 mo postpartum in study completers. The long-term effects of our prenatal intervention and the interventions of other researchers on postpartum weight retention appear to be due, in large part, to the degree of success in modifying gestational weight gain. However, our study also found that women who exceeded IOM goals were more likely to return to prepregnancy weight if they had received the prenatal intervention, as opposed to standard care. This finding suggests that some women who receive prenatal intervention may wait and/or more effectively apply weight-control strategies during the postpartum period-even 12 mo after active treatment is discontinued. Pregnancy appears to be a teachable moment for promoting long-term weight control in some women, but future trials are needed to disentangle whether prenatal intervention alone, postpartum intervention alone, or the combination thereof is most effective. Also, the long-term effects of more intensive behavioral interventions during pregnancy merit future investigation.
The intervention in the current study, although of low intensity, also had a significant positive effect on key weight-control behaviors that endured after treatment termination. In particular, the intervention was associated with more frequent self-monitoring of body weight. Most prenatal interventions to date have included weight monitoring at the time of the women's regularly scheduled prenatal visits (3, (21) (22) (23) . However, findings from the current study suggest that frequent self-monitoring of weight may also be integral to effective pregnancy weight-management programs. Further research is needed to identify whether access to a scale or other factors (eg, therapist support, goal-setting, behavioral strategies) improve self-weighing behaviors.
We also observed intervention-related increases through 6 mo postpartum in cognitive restraint, defined as self-initiated cognitive attempts to restrict food intake (eg, "consciously control my intake," "count calories"). Consistent with the IOM implementation guide (6), this study did not strongly emphasize calorie control but encouraged a reduced intake of junk food and soft drinks, which may have led to the observed effects on restraint. The intervention no longer had a significant effect on restraint at 12 mo postpartum, although both groups reported a lower measure of restraint compared with earlier in the study. The weakening of restraint may have hampered the intervention's success at promoting a return to prepregnancy weight at 12 mo postpartum. Neither restraint nor self-weighing was significantly correlated with observed changes in weight, but this finding contrasts with the findings of several studies of restraint (24) (25) (26) (27) (28) and self-weighing (29, 30) outside of pregnancy. It is possible that limited power could have confounded detection of these relations. Surprisingly, the intervention was associated with a significant increase in total depression scores during the postpartum year. This unexpected finding, however, was not observed with additional categorical analysis of a comparison between women classified with probable depression and those with no depression. Overall, depression scores and the prevalence of depression (,7%) were low in both the intervention and standard-care groups throughout the trial; thus, caution is warranted about overinterpreting this result.
Prepregnancy weight group was a strong predictor of 12-mo postpartum weight retention, and normal-weight women retained less weight than did overweight and obese women, consistent with previous research (31, 32) . Of interest, despite retaining more weight, overweight/obese women reported behavioral changes similar to those of normal-weight women throughout the study period. Overweight/obese women may require more intensive behavioral changes to reduce excessive gestational weight gain and postpartum weight retention than do normal-weight women. This may be particularly true during pregnancy, because overweight/obese women have a more restricted recommended range of weight gain.
The strengths of this study included its randomized blind design, inclusion of both normal-weight and overweight/obese women, follow-up from early in pregnancy through 12 mo postpartum, and use of intervention strategies that may have practical relevance during prenatal care in the clinical setting. An acceptable proportion (79%) of those participants randomly assigned completed the study through 12 mo postpartum. A limitation of the study was its use of self-reported measures, including prepregnancy weight. We used a convenience sample; therefore, our findings may not be generalizable to the population at large. Moreover, this study did not conduct blood draws for analysis of biological markers of cardiovascular disease risk.
In summary, the findings of the current study suggest that a low-intensity lifestyle intervention to prevent excessive gestational weight gain during pregnancy can have an ongoing influence on postpartum weight retention and some health behaviors in study completers. However, methods to improve long-term efficacy in more women are needed. Future research should evaluate the effects of more-intensive interventions during pregnancy and the optimal timing and duration of lifestyle interventions during pregnancy and beyond.
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